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WEIGHT IDENTIFICATION METHOD AND FEEDBACK CONTROL METHOD 

INCORPORATION BY REFERENCE 
The disclosure of Japanese Patent Application No. HEI 10-175032 filed on June 22, 
5 1999 including the specification, drawings and abstract is incorporated herein by reference 
in its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

10 The present invention relates to a weight identification method and a feedback 

control method. More specifically, the invention relates to a weight identification method 
for identifying weights that are assigned individually to a plurality of models, each of which 
includes a group of parameters and which are used to construct a control model 
representing a control system, and a feedback control method, based on a target value for 

15 controlling the control system, for a value of response of the control system controlled based 
on the target value, and weights assigned individually to the plurality of models, each of 
which includes the group of parameters and which are used to construct the control system, 
feedback-controlling such an instruction value for the control system that the value of 
response becomes equal to the target value. 

20 

2. Description of the Related Art 

A related-art vehicular continuously variable transmission (CVT) has a CVT unit 
that includes a speed-shift hydraulic pressure controller, an input-side pulley, a metallic 
belt, an output-side pulley, and the like, and a controller that controls the speed-shift 

25 hydraulic pressure controller. That is, the controller performs the speed-shift control by 
controlling the speed-shift hydraulic pressure controller. In this CVT, it is necessary to 
individually adjust various characteristics. Therefore, parameters of the controller need to 
be set in accordance with characteristics of the CVT unit. Specifically, parameters of the 
controller are determined by inputting target rotation speeds to the CVT unit stepwise, and 

30 measuring the response rotation speeds. Then, in order to realize the thus-determined 
parameters of the controller, the CVT unit is altered. 
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If the transmission coefficient of the CVT unit is unknown, it is necessary to 
measure step response rotation speeds under various conditions in order to determine the 
parameters of the controller. However, since the characteristics of the CVT unit vary 
depending on the pulley-pressing force or the location of the point of equilibrium, the 
setting of optimal parameters is not easy, and requires a great amount of time. After such 
cumbersome setting of parameters, it is still difficult to achieve satisfactory performance 
over the entire operation range. 

Therefore, according to the conventional art, a control system having the CVT unit 
and the controller is approximated by equation (1): 

Krwn^ 

Transfer function: Gr(s) = — —(l) 

f;i where Kr = a constant, 

4 J con = the natural angular frequency, 

C, = the damping coefficient, and 
^} 15 S = the Laplace operator 

2 In equation (1), the constant Kr, the natural angular frequency con and the 

T: damping coefficient C, are estimated directly from the target rotation speed determined from 

hh the throttle opening extent and the actual rotation speed of the output-side pulley, and the 

'%l actually measured rotation speed. Japanese Patent Application Laid-Open No. HEI 7- 

Q 20 35210 proposes that parameters of the controller expressable by the constant Kr, the 
natural angular frequency con and the damping coefficient ^ be adjusted so that constant ICr, 
the natural angular frequency con and the damping coefficient ^ assume desirable values 
that are determined by the target rotation speed and the actually measured rotation speed. 

Normally, a control object has a non-linear characteristic. In a slip control system, 
25 as for example, characteristics of the controller vary depending on the engine speed, the 
vehicle speed, the engine load, the oil temperature, aging changes, or the like. Due to the 
compensation for such variations of characteristics, it is difficult in the stage of designing a 
controller to improve the responsiveness of the controller. Furthermore, the designing of 
the controller requires a great amount of time. 
30 The use of the related art, which identifies and automatically adjusts control 

parameters in accordance with the characteristics of a model, improves the controllability 
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and reduces the time required for the design. 

However, in the related art, the constant Kr, the natural angular frequency con and 
the damping coefficient ^ of the control object are directly identified. Therefore, as the 
order of the Laplace operator S increases depending on the range of approximation of the 
5 control object, the number of parameters that need to be estimated increases. As a result, 
the amount of calculation, the program size, and the memory capacity required increase, 
thereby causing a packaging problem. Furthermore, there arises a danger that during the 
process of estimating a parameter, the estimated value may be incorrect. 

10 SUMMARY OF THE INVENTION 

Accordingly, it is an object of the invention to provide a weight identification 
method and a feedback control method that reduce the amount of calculation by estimating 
weights on models having groups of parameters that contain parameters that construct a 
control model, instead of directly estimating the control model-constructing parameters. 

15 To achieve the aforementioned and other objects, one aspect of the invention 

provides a weight identification method that identifies weights assigned to a plurality of 
models, each of which includes a group of parameters. The method identifies a first weight 
assigned individually to a plurality of models each. Based on the first weight that is 
assigned to one of the plurality of models, the weight identification method specifies a 

20 second weight that is assigned to at least one model that is other than the one of the 
plurality of models. 

That is, in the invention, first and second weights that are assigned individually to 
the plurality of models are identified. The plurality of models are used to form a control 
model representing a control system, and each includes a group of parameters. 

25 In the invention, based on the first weight assigned to one of the models, the 

second weight that is assigned to at least one model that is other than the one of the models 
is specified. For example, the second weight that is assigned to at least one model that is 
other than the one of the models may decrease if the first weight assigned to the one of the 
model is increased. For example, if the number of the models is two, the first weight 91 of 

30 one of the two models and the second weight 62 of the other model may have a relationship 
of 91 = 1 - 92. If three models are provided, the weights 91, 02 and 93 of the three models 
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may have a relationship of 83 = 1 -(61 + 82). The number of models is not limited to two or 
three. Thus, the weight assigned to each model may be a value that is greater than or 
equal to "0" and less than or equal to "1", so that divergence of an estimated value can be 
prevented. 

5 Therefore, since the first weight assigned to one of a plurality of models specifies a 

second weight that is assigned to at least one model that is other than the one of the 
plurality of models, the weight identification method eliminates the need to specify the 
weights of all the models, and therefore reduces the amount of calculation required. 

The weight identification method of the invention is applicable to a feedback 

10 control method. 

That is, another aspect of the invention provides a feedback control method, based 
on a target value for controlling a control system, for determining an amount of control of 
the control system controlled based on the target value, and determining weights assigned 
individually to a plurality of models each of which includes the group of parameters and 

15 which form a control model representing the control system, and feedback-controlling such 
an instruction value for the control system that the amount of control becomes substantially 
equal to the target value. Based on a weight that is assigned to one of the plurality of 
models, the feedback control method specifies a weight that is assigned to at least one 
model that is other than the one of the plurality of models. 

20 In the feedback control method, the weight assigned to at least one model other 

than the one of the models may decrease if the weight assigned to the one of the model is 
increased. Furthermore, the weights assigned individually to the plurality of models may 
be estimated based on a difference between the target value and the amount of control, and 
a difference of the instruction value from a value of equilibrium. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 
The foregoing and further objects, features and advantages of the present 
invention will become apparent from the following description of a preferred embodiment 
with reference to the accompanying drawings, wherein like numerals are used to represent 
30 like elements and wherein: 

FIGURE 1 is a block diagram of a preferred embodiment of the invention; 
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FIGURE 2A is a graph indicating the gain (amplitude) of the sHp rotation speed 
Nslip, with a transfer characteristic of an upper and lower limit model (9 = 0, 1); 

FIGURE 2B s a graph indicating the phase of the slip rotation speed Nslip, with 
the transfer characteristic of the upper and lower limit model (6 = 0, 1); 
5 FIGURES 3A and 3B are graphs indicating results of on-line identification of a 

weight 0; 

FIGURES 4A and 4B are graphs indicating a comparison between test data and a 
simulation of a model (0 = 0,1); 

FIGURES 5A and 5B are graphs indicating a comparison between test data and a 
10 simulation of a model (0 = 0.7); and 

FIGURE 6 is a block diagram according to a modification of the embodiment. 

DETATT.ED DESCRTPTTON OF A PREFERRKD KMRODTMKNT 

A preferred embodiment of the invention will be described hereinafter with 

15 reference to the accompanying drawings. In this embodiment, the weight identification 
method and feedback control method of the invention are applied to a slip control apparatus 
of a clutch. However, the invention is applicable not only to a clutch slip control apparatus 
but also to other apparatuses such as a CVT, and the like. 

The clutch slip control apparatus of this embodiment has a slip control system 103 

20 of a control system (e.g., a hydraulic valve control mechanism, and the like) of a clutch, a 
calculator 104, and a controller 102. The calculator 104 calculates a difference e between a 
target rotation speed and a slip rotation speed Nslip, that is, a response from the slip 
control system 103. Based on the difference e between the slip rotation speed Nslip and 
the target rotation speed, and a weight 0 described later, the controller 102 performs 

25 feedback control of an instruction value Duty for controlling the slip control system 103 so 
that the slip rotation speed Nslip becomes equal to the target rotation speed. 

The slip control system 103 of the clutch also has an adapting mechanism 105, and 
a parameter map 101. The adapting mechanism 105 accepts input of the difference e 
between the slip rotation speed Nslip and the target rotation speed and the instruction 

30 value Duty, and estimates a weight 0 based on the difference e between the slip rotation 
speed Nslip and the target rotation speed, and a difference of the instruction value Duty 
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from a value of equilibrium. The parameter map 101 accepts input of the weight 6 from 
the adapting mechanism 105, and updates the quantity of state 9 determined based on the 
state of operation Nt of the slip control system 103 with reference to the parameter map 101, 
by using the input weight 0, if the state of control of the slip control system 103 and the 
quantity of state 9 are stable. The parameter map 101 then outputs the weight 0 to the 
controller 102. If the state of control of the slip control system 103 is unstable, the 
parameter map 101 determines the quantity of state 9 based on the operation state Nt of 
the slip control system 103 with reference to the map, and outputs the determined weight 9 
to the controller 102. 

The weight will next be described. Weights are assigned individually to a 
plurality of models each of which includes a group of parameters for constructing a control 
model that represents the slip control system 103. That is, a control model that represents 
the slip control system 103 can be expressed by combining phase-delay models (Al-Dl) and 
phase advancement models (A2-D2), that is, by forming a linear parameter varying (LPV) 
model, as in equation (2). 



p(0) 



I x[k + l] = Ax x[k] + Bx Duty[k] 



[Nslip[k] = C X x[k] + Dx Duty[k] 

where 8 e Ri^i, 0 S 6 S 1, 

A = e X AH- (1 - 9) X A2, 
B = exBH-(l -e)xB2, 
C = exCl-i-(l -e)xC2, and 
D = exDl + (l -e)xD2 



Al = 



all 
al2 
al3 



1 0 
0 1 
0 0 



Ml 




A2 = 



.(2) 



a21 


1 


0" 




'b2l 


a22 


0 


1 


. 51 = 


b22 


a23 


0 


0 




b23 



B13 

Cl = [l 0 0] Dl = [Oi C2 = [l 0 0] , D2 = [0] 

where the parameters of each control model are known as shown in Table 1. 



TABLE 1 





Phase delay model (Al, Bl) 




Phase advancement model 
(A2, B2) 


all 


2.4898 


a21 


2.4142 


al2 


-2.1529 


a22 


-2.0860 


al3 


0.6552 


a23 


0.6411 


bll 


-0.0024 


b21 


-0.0092 


bl2 


-0.0038 


b22 


-0.0145 


bl3 


0.0316 


b23 


0.1217 



The operation of the embodiment will now be described. The controller 102 
determines an instruction value Duty for controlling the slip control system 103 so that the 
5 slip rotation speed Nslip becomes equal to the target rotation speed. Then, the controller 
102 outputs the instruction value Duty to the slip control system 103 to control the slip 
control system 103. Being thus controlled, the slip control system 103 outputs a slip 
rotation speed Nslip as a response. The calculator 104 calculates a difference e between 
the slip rotation speed Nslip inputted from the slip control system 103 and the target 
10 rotation speed. 

Then, based on the difference e between the slip rotation speed Nslip and the 
target rotation speed, and the weight 6 inputted from the parameter map 101, the controller 
102 feedback-controls the slip control system 103. For the feedback control, the 
instruction value Duty for bringing the slip rotation speed Nslip to the target rotation speed 
15 is used. 

The adapting mechanism 105 estimates (identifies) a weight 0 based on the 
difference e between the slip rotation speed Nslip and the target rotation speed and the 
difference of the instruction value Duty from the value of equilibrium. The parameter map 
- 101 accepts input of the weight 9. If the quantity of state 9 and the state of control of the 
20 slip control system 103 are stable, the parameter map 101 updates the weight 9 determined 
from the operation state Nt of the sUp control system 103 by the parameter map 101, by 
using the input weight 9. Then, the parameter map 101 outputs the weight 9 to the 
controller 102. If the state of control of the slip control system 103 is unstable, the 
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parameter map 101 determines the value 9 from the operation state Nt of the slip control 
system 103 with reference to the map, and outputs the thus-determined value 6 to the 
controller 102. 

A method performed by the adapting mechanism 105 to identify the weight 0 will 
5 next be described. The adapting mechanism 105 accepts input of the difference e [k] 
between the slip rotation speed Nslip and the target rotation speed, and the instruction 
value Duty. The adapting mechanism 105 determines a deviation u \k] between the 
instruction value Duty and the value of equilibrium determined by removing an amount of 
variation in the instruction value Duty through the use of a low-pass filter (not shown). 
10 Based on the difference e [kj between the slip rotation speed Nslip and the target rotation 
speed and the deviation u \k] between the instruction value Duty and the value of 
equilibrium of the instruction value Duty, the adapting mechanism 105 identifies a weight 
6 by the sequential-t3^e method of least squares using equations (3) to (7). 

y[k] = -e[k] -h a21 X - 1] -f- a22 x e[k - 2] + a23 x e[k - 3] 
+ fc2 1 X u[k - 1] + b22 X u[k - 2] + 623 x u[k - 3] 
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<l>[k] = -(al 1 - a21) X ^[A: - 1] - (al2 - a22) x e[k - 2] - (al3 - a23) x e[k - 3] 
- (fel 1 - b21) X u[k - 1] - (bl2 - b22) x u[k - 2] - (al3 - a23) x u[k - 3] 



.(4) 



W:}- ...(5) 
X-hil>[k]xP[k]x4>[k] 



e[k + 1] = e[k] + L[k] X (y[k] - <f>[k] x e[k]) . .(6) 



P[k I 1]= P[k]-P[k]x<l>[k]xL[k] 



•(7) 



25 The initial values of the variables, and the sampling times are shown in Table 2. 

TABLE 2 



Item 


Value (physical value) 


L{0) 


0 


9(0) 


0 



8 



41 



Sampling time 



32 msec 



In this manner, the weights of the phase-delay and phase-advancement models, 
which are combined to represent the slip control system, are identified. Therefore, the 
need to directly identify parameters of the models is eliminated, so that the amount of 
5 calculation is reduced. 

Furthermore, since each weight is determined as a value greater than or equal to 
"0" and less than or equal to "1", divergence of an estimated value is prevented. 

The characteristic of transfer from the instruction value Duty to the slip rotation 
speed Nslip can be expressed in regions of frequency as in FIGURES 2 A and 2B. That is, if 
10 9 = 0, the control model of the slip control system 103 is formed only by the phase delay 
model. If 0 = 1, the control model of the slip control system 103 is formed only by the phase 
advancement model. 

If the state of control of the slip control system 103 is unstable, that is, if the 
throttle opening changes as indicated in FIGURE 3A, the weight 9 changes as indicated in 

15 FIGURE 3B with changes in the throttle opening. If the state of control of the slip control 
system 103 is stable, that is, if the throttle opening remains unchanged, the weight 9 is 
fixed or identified as a constant value by the adapting mechanism 105. 

Results of the comparison of a simulation of a model (0 = 0.1) and test data (turbine 
speed ~ 1781 rpm, slip speed = 50 rpm, throttle opening = 6%) are indicated in FIGURES 

20 4A and 4B. Results of the comparison of a simulation of a model (9 = 0.7) and test data 
(turbine speed = 1781 rpm, sUp speed = 50 rpm, throttle opening = 13%) are indicated in 
FIGURES 5A and 5B. From the results of the comparisons, it is apparent that in the 
models determined in a good manner through identification of the value 9, simulation data 
indicated by broken lines is in better agreement with the test data indicated by solid lines. 

25 Japanese Patent Application Laid-Open No. HEI 1-252103 proposes, in 

conjunction with a pulse-width-modulation VWF inverter control circuit, a device that is 
formed by a series circuit of a first differential compensator, a second differential 
compensator and a primary delay compensator for achieving a damping effect on a main 
circuit. In this device, it is necessary to directly determine coefficients of the second 

30 differential compensator and the primary delay compensator. The embodiment described 
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above differs from the related-art device in that, in the embodiment, a weight assigned to 
one of the two models, that is, the phase delay model and the phase advancement model 
that are combined to form the control model representing the slip control system, is 
specified by the weight assigned to the other model. Therefore, if many parameters need 
to be determined, the embodiment advantageously allows a control model of the slip control 
system to be identified by determining a reduced number of weight coefficients, and 
therefore eliminates the need to increase the amount of calculation, the program size, or the 
memory capacity. 

The weight identification method of the invention is not limited to the foregoing 
embodiment, but may also be applied to a problem of identification indicated in FIGURE 6, 
that is, estimation of such a weight 9 that the transfer function of u* — > y is always PO 
regardless of variations of characteristics of a control object. An advantage of a 
construction shown in FIGURE 6 is that the characteristic of transfer from a controller 201 
to an output y is constant regardless of variations of characteristics of the control object and, 
therefore, the responsiveness and robustness can be improved by using a fixed gain 
controller. 

A PO filter is expressed as in equation (8). 



Pft 



\x[k + 1] = A X x[k] + X u[k] 
I y[k] = Cxx[k]-hDxu[k] 



(8) 



where 





'al 


1 


0" 




"i5r 


A = 


a2 


0 


1 


B = 






a3 


0 


0 




P3 



C = [l 0 0] D = [0] 



filter: yf[k] = —^^ u • f[k] 

1 + alz +a2-z 



Based on the relation ship of PO = filter x P, equations (3) and (4) can be rewritten 
into equation (9) and (10) of y[k] and ([k], so that 6 can be estimated as in the foregoing 
embodiment. 
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y[k] 



-1 



- (al - al) X e[k - 1] - (a2 - alal - a2) x e[k - 2] 
- {-a2a\ - alal - a3) x e[k - 3] - (-a2a2 - a la3) x e[it - 4] 
-(r-a2a3)y.e[k-5\ 

+ ^1xm[A:-1] +(^2 + al^l)XM[A:-2] 

+ ip3 + alp2 + a2pl) x u[k - 3] + (al)33 + a2j82) x u[k - 4] 
+ a2^3xM[A;-5] 



...(9) 



bO 



D +ibl-bOal)xe[k-l] 
+ i-b2a\ - b\a2 - bQa3,) x e[k - 3] 
+ (-i>2a3)x«[A;-5] 



+ (62 - Mai - bOa2) x e[A: - 2] 
+ i-b2a2 - b\ay) x e{k - 4] 



...(10) 



Although in the foregoing embodiment, a control model that represents a control 



system is expressed or formed by two models, the invention is not restricted by the 
embodiment or modification. According to the invention, a control model that represents a 
control system may also be expressed or formed by more than two models. In such a case, 
"A" in equation (2) may also be expressed as in: 
A = eiAl + e2A2 + e3A3 

= eiAi + e2A2 + ( 1 - ei - e2)A3 

While the present invention has been described with reference to what is presently 
considered to be a preferred embodiment thereof, it is to be understood that the present 
invention is not limited to the disclosed embodiment or constructions. On the contrary, the 
present invention is intended to cover various modifications and equivalent arrangements. 
In addition, while the various elements of the disclosed invention are shown in various 
combinations and configurations, which are exemplary, other combinations and 
configurations, including more, less or only a single embodiment, are also within the spirit 
and scope of the present invention. 



